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(54) Elongate tubular member for use in medical device shafts 



(57) In one aspect the invention concerns an elon- 
gate tubular shaft for use in catheter assemblies. The 
shaft is a metallic hypotube (14) having a plurality of cuts 
in the side wall thereof to def ine slots (25). The slots (25) 
are elongate slots extending about the wall of the hypo- 
tube in a substantially spiral or circumferential path which 
is interrupted at intervals by solid struts (20). 

The invention also relates to a delivery catheter as- 
sembly (100) for a self-expanding stent or other device 



deployed in a similar manner, comprising: an inner shaft 
(1 ) located coaxially within an outer shaft (2). Each of the 
shafts (1 , 2) comprises an elongate spiral-cut outer hy- 
potube (12,14). Each of the hypotubes (12, 14) has a 
plurality of slots (25) cut in the side wall thereof to increase 
the flexibility of the hypotube, and the slots are elongate 
slots (25) extending about the hypotube in a spiral or 
circumferential path which is interrupted at intervals by 
solid struts (20). 
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Description 

Field of the Invention 

[0001] The invention relates to an elongate tubular 
member for use in medical device shafts, and in particular 
to hypotubes for use in catheter assemblies. The inven- 
tion also relates to systems for the delivery of self-ex- 
panding stents or other medical devices to locations with- 
in any lumen of the human body, including the vascula- 
ture, the biliary system, oesophagus, and gastrointestinal 
tract. 

[0002] The invention can also be employed in medical 
devices that are termed OverThe Wire (O.T. W) and Rap- 
id Exchange (Rx.). 

Background to the Invention 

[0003] Catheters for insertion into bodily lumens, e.g. 
intravascular catheters and the like are well known in the 
art. Catheters typically employ elongate flexible tubes 
made from a synthetic plastics material or from stainless 
steel. Desirably characteristics of catheter tubing include 
"pushability", that is the ability to transfer forces from the 
proximal to the distal end of the catheter. It is also an 
advantage for the catheter to have good "trackability", 
i.e. to be sufficiently flexible as to be capable of navigating 
tortuous paths within a body lumen without kinking. 
[0004] Small diameter tubing of the kind commonly re- 
ferred to as "hypotubes" have desirable characteristics 
in terms of pushability in catheter design, but are some- 
times prone to kinking. 

[0005] Hypotubes are suitable for use with a wide 
range of catheters, including angioplasty catheters, and 
stent delivery catheters. 

[0006] In the field of medical technology, stents are 
commonly used in angioplasty procedures to widen con- 
stricted body lumens. Stents are generally cylindrical in 
shape and are formed as an open lattice or frame com- 
prising a specific set of meanderpatterns. These patterns 
allow the stent to be compressed for delivery through the 
vasculature of the body to a particular location of con- 
striction or stenosis. The stent is then expanded to exert 
an outward radial force on the constricted lumen, thereby 
widening the vessel to counteract the constriction. Stents 
may be self-expanding, wherein the stent expands once 
the cause of compression is removed or withdrawn. Al- 
ternatively, stents may be expanded by inflation of a bal- 
loon catheter within the stent body. This invention is pri- 
marily concerned with self -expanding stents. 
[0007] Self-expanding stents are compressed from a 
normal, unstressed configuration into a delivery config- 
uration with a reduced diameter for delivery to a constrict- 
ed location within any lumen of the body. The stent is 
then released from its delivery system, removing the 
cause of compression, and is thus allowed to expand into 
its original uncompressed configuration with its normal 
diameter. The expansion of the stent exerts an outward 



force on the walls of the lumen, counteracting the con- 
striction and restoring patency to the vessel. 
[0008] Delivery systems for self-expanding stents are 
well known in the relevant field. In general, these com- 
5 prise a catheter in which a self-expanding stent is dis- 
posed. The catheter is directed through the patient's 
anatomy until the distal end of the catheter has reached 
the area of constriction. At this point, an outer portion of 
the catheter is withdrawn, allowing the stent to expand 
10 and widen the lumen at the appropriate point. 

[0009] US-A-2004/01 1 7000 discloses a stent delivery 
system for delivery of a self-expanding stent to a prede- 
termined location in a body lumen. The delivery system 
has a catheter body, a retractable outer sheath and a 
15 proximal retraction handle connected to a proximal end 
of a catheter body. The catheter body carries the stent 
near a distal end of the catheter body for transporting the 
stentfor deployment. The sheath surrounds and contains 
the stent in a delivery configuration where the stent has 
a reduced radius along its entire axial length. The sheath 
has an outer tube and a separate inner tube. The outer 
tube has a distal end portion surrounding the stent along 
its entire length and a proximal end portion connected to 
the retraction handle. The innertube is disposed concen- 
trically within the outer tube and has a distal end portion 
surrounding the stent only along a part of its entire length. 
The outer tube is a co-extruded tubing, e.g. made from 
a polyamide, whilst the innertube is made from polyeth- 
ylene. 

[0010] US-B-6,743,21 9 discloses stent delivery appa- 
ratus. The apparatus has an outer sheath forming an 
elongated tubular member having distal and proximal 
ends and an inside and outside diameter. The apparatus 
also includes an inner shaft located coaxially within the 
outer sheath. The inner shaft has a distal end, a proximal 
end and a longitudinal axis extending therebetween. At 
least a portion of the inner shaft is made from a flexible 
coiled member. 

[001 1 ] The flexible coiled member is a compressed coil 
spring made from high density polyethylene and nylon, 
and is capable of stretching and compressing. A proximal 
end of the apparatus is a stainless steel hypotube. The 
hyotube is stainless steel and has a 0.042 inch outside 
diameter at its proximal end and then tapers to a 0.036 
inch outside inch outside diameter at its distal end. The 
inside diameter of the hypotube is 0.032 inch throughout 
its length. The tapered outside diameter is to gradually 
change the stiffness of the hypotube along its length. This 
change in the hypotube stiffness is said to allow for a 
more rigid proximal end or handle end that is needed 
during stent deployment. If the proximal end is not stiff 
enough the hypotube section extending beyond the valve 
could buckle as the deployment forces are transmitted. 
The distal end of the hypotube is more flexible. The distal 
end of the hypo also needs to be flexible to minimize the 
transition between the hypo and the coil section. The 
outer shaft is a braided hose. 

[0012] US 6,048,338 discloses a spiral cut transition 



25 



30 



35 



40 



45 



50 



2 



11/30/07, EAST Version: 2.0.3.0 



3 



EP 1 656 963 A1 



4 



memberforcontrollingthe transition in stiffness ofacath- 
eter. The transition member has a spiral cut provided 
therein to vary the flexibility of the transition member over 
its length. The pitch of the spiral cut can be varied to 
facilitate a gradual transition in flexibility along the cath- 
eter. Other spiral cut hypotubes are disclosed, for exam- 
ple, in US-B-6, 102,890; US-B-5,961,510; US-B- 
4,960,41 0 and US-B-5,843,050. The use of a spirally cut 
stainless steel hypotube of the kind described in the prior 
art may cause problems in accurately locating a stent, 
because of inherent axial flexibility and stretch in the tube. 
None of the prior art documents disclose a stent delivery 
catheter utilising a stainless steel hypotube, or the use 
of a pair of co-axially disposed hypotubes in accordance 
with the present invention. 

Object of the Invention 

[0013] One object of the invention is to provide a hy- 
potube made from stainless steel or other metallic ma- 
terial of desired pushability and improved flexibility char- 
acteristics, and to catheter assemblies employing such 
hypotubes. 

[0014] It is also an object of the invention to provide a 
delivery system for a self-expanding stent or any other 
device to be deployed inside the human body using sim- 
ilar deployment techniques to self expanding stents, ex- 
amples of such devices are filters staples or self expand- 
ing occlusion device, utilising outer and inner metallic 
hypotubes, which have improved pushability and flexibil- 
ity characteristics. It is also an object to provide a delivery 
system for a self-expanding stent utilising a metallic hy- 
potube or a pair of hypotubes which are spirally or cir- 
cumferentially cut while ensuring good flexibility and 
pushability without allowing signif icant stretching or com- 
pression of the tubes. 

Summary of the Invention 

[0015] In accordance with one aspect, the invention 
provides an elongate tubular shaft for use in catheter 
assemblies, the shaft having a lumen therethrough and 
the wall of the shaft has a cut therein to improve the flex- 
ibility of the shaft characterised in that the shaft is a me- 
tallic hypotube (14) having a plurality of cuts in the side 
wall thereof to define slots, and the slots are elongate 
slots extending about the wall of the hypotube in a spiral 
or circumferential path which is interrupted at intervals 
by solid struts. A preferred metal is stainless steel. 
[0016] Preferably, the profile of the cuts is such that 
the flexibility of each shaft is improved with no or only 
minor axial stretching or compression of either shaft. 
[0017] In accordance with a further aspect, the inven- 
tion provides a catheter assembly comprising an elon- 
gate outer tubular shaft which extends from a proximal 
end to a distal end of the catheter and an inner tubular 
shaft concentrically located within the outer shaft and al- 
so extending from a proximal end to a distal end of the 



catheter, characterised in that each of the shafts is a me- 
tallic hypotube and each having at least one cut formed 
in an outer wall of the tube and extending in a substantially 
spiral or circumferential path about the outer wall of the 
5 tube. 

[0018] In accordance with yet a further aspect, the in- 
vention provides a delivery catheter assembly for a self- 
expanding stent, comprising an inner shaft, having prox- 
imal and distal ends, and comprising an elongate spiral- 
is cut inner hypotube; and an outer shaft, having proximal 
and distal ends, and comprising an elongate spiral-cut 
outer hypotube; wherein said inner shaft is located co- 
axially within said outer shaft, and said outer shaft ex- 
tends beyond the distal end of said inner shaft, said distal 
15 end of said outer shaft being adapted to accommodate 
the stent for delivery within a body lumen of a patient. 
[0019] According to the invention the delivery catheter 
assembly for a self-expanding stent, comprises an inner 
shaft, having proximal and distal ends, and an outer shaft, 
20 having proximal and distal ends, and the inner shaft is 
located coaxially within said outer shaft, and said outer 
shaft extends beyond the distal end of said inner shaft, 
said distal end of said outer shaft being adapted to ac- 
commodate the stent for delivery within a body lumen of 
25 a patient, characterised in that the inner shaft is an elon- 
gate metallic hypotube and the outer shaft is an elongate 
metallic hypotube, and each of the hypotubes has a plu- 
rality of slots cut in the side wall thereof to increase the 
flexibility of the hypotube, and the slots are elongate slots 
30 extending about the hypotube in a spiral or circumferen- 
tial path which is interrupted at intervals by solid struts. 
[0020] The term "hypotube" refers generally to an elon- 
gate metallic tube, preferably of stainless steel, having a 
lumen extending therethrough. The tube is preferably of 
35 thinwalled construction. For the present invention, a spi- 
ral-cut hypotube may be regarded as a hypotube having 
at least one cut formed in an outer wall of the tube and 
extending spirally, e.g. in a helical path, or at an angle to 
the longitudinal axis of the tube of the hypotube. The 
4 o spiral-cut hypotubes of the inner and outer shafts provide 
the delivery catheter of the present invention with im- 
proved flexibility over prior art delivery devices. The spiral 
cut in each hypotube, which may be in the form of a slot 
or slit, gives the tube a greater degree of flexibility and 
45 trackability in all directions. Trackability refers to the de- 
gree of flexibility to enable the catheter to navigate tor- 
tuous paths within a body lumen, or the degree to which 
the catheter is capable of tracking a guidewire inserted 
therethrough. This is particularly important at the distal 
50 end of the catheter. The more flexible the distal portion 
of the catheter, the better the trackability. 
[0021] Preferably, the or each of said inner hypotube 
and said outer hypotube is provided with a spiral cut pro- 
file that varies over the length of the hypotube. This allows 
55 the hypotubes to have different degrees of flexibility at 
each end. Ideally, each of said inner hypotube and said 
outer hypotube is provided with a spiral cut having a 
smaller pitch at its distal end and a larger pitch at its 
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proximal end. The pitch of the spiral cut may be defined 
as the axial distance between adjacent turns of the spiral 
cut. At the distal end, the turns of the spiral cut are pref- 
erably of the order of between 0.1 and 10 mm apart, 
.whereas at the proximal end, the turns of the spiral cut 
are preferably of the order of between 5 and 1 000 mm 
apart. Alternatively, there may be no spiral cut at the prox- 
imal end of the hypotube. It is desirable that the profile 
of the spiral cut is graduated such that it provides a 
smooth variation rather than an abrupt change in flexi- 
bility. A sharp change in flexibility can render catheter 
hypotubes prone to kinking. 

[0022] The flexibility imparted by the spiral cuts to the 
catheter, and in particular to the distal end of the catheter, 
allows the catheter to be manoeuvred or tracked through 
particularly tortuous paths of the vasculature. The closer 
the pitch of the spiral cut, the more flexible the hypotube. 
Decreasing the pitch at the distal end of each hypotube 
imparts more flexibility to the distal end, where flexibility 
and trackability are more important. At the proximal end 
of the catheter, where pushability is more important, the 
pitch of the spiral cut is increased and the hypotubes are 
thus relatively stiff er. 

[0023] According to a preferred feature of the inven- 
tion, the spiral cut in the or each hypotube is discontinu- 
ous, such that struts are provided where a portion of the 
circumference of the tube remains uncut. 
[0024] The use of slots and the intermittent spiral or 
circumferential cut profile allows excellent pushability 
and flexibility. It reduces the compression and stretching 
of the shafts during the procedure. Any compression or 
stretching of the shaft can affect the position of the stent 
during the deployment process. 
[0025] An advantage of the struts is to improve the 
pushability of the hypotubes through the anatomy of the 
patient. Pushability is a measure of the transfer of the 
force from the proximal end to the distal end of the as- 
sembly, that is, the ratio of force applied at the proximal 
end by the physician as compared to the force measured 
at the distal end. Good pushability means that force is 
efficiently and effectively transferred through the assem- 
bly. 

[0026] A further purpose of the struts is to prevent 
stretching and compression of the spiral cut hypotubes 
while under stress. It is very important that the inner and 
outer hypotubes do not stretch or compress while being 
positioned within the vasculature. It is of particular im- 
portance that the outer tube is not allowed to stretch when 
being retracted during stent deployment. If the outer tube 
stretches rather than moving in a proximal direction dur- 
ing retraction, the stent will not be deployed correctly. 
The outer tube should be capable of clean retraction from 
the body lumen to allow the stent to correct the stenosis 
of the lumen. The strut-spiral combination is capable of 
withstanding stretching and compression under stress. 
This allows the catheter assembly to hold its position dur- 
ing stent deployment and thus allows more accurate 
placement of the stent during the delivery procedure. The 



desired strut length will depend on the pushability re- 
quirements for a given catheter, but will generally be of 
the order of between 0.1 mm and 1.0 mm. 
[0027] Ideally, the struts are staggered around the cir- 

5 cumferenceofthe hypotube. For example, two struts may 
be provided on each spiral revolution, that is, substan- 
tially diametrically opposed about the circumference of 
the hypotube. Struts may be located between 90° and 
270° from each other. Staggering the struts around the 

to circumference of the hypotubes ensures adequate flex- 
ibility in all directions. 

[0028] Preferably the outer and inner hypotubes are 
covered with a polymer jacket. The jacket is typically a 
fluropolymer, nylon or polyester type material. It can be 

?5 applied using a variety of techniques known to the indus- 
try such as heat shrinking, over extrusions, heat bonding, 
chemical bonding or the like. The purpose of this jacket 
is to seal the outer hypotube and provide a sealed lumen 
to allow flushing of liquid through the device. Dependent 

20 on the characteristics of the device and the means of 
application, the jacket may also help to reduce stretching 
and compression of the hypotube shafts under an applied 
load. Additionally the outer shaft has the benefit of pro- 
viding a smooth outer profile for the entire device, which 

25 has the benefit of reducing the risk of thrombosis while 
using this device in the vasculature. 
[0029] Optionally, the delivery catheter further com- 
prises a guidewire lumen adapted to receive a guidewire, 
having proximal and distal ends and coaxially located 

30 within said inner and outer shafts, such that said distal 
end of said guidewire lumen extends beyond the distal 
end of said outer shaft. In use, the catheter may be 
steered through the anatomy by means of a guidewire 
inserted through the length of the guidewire lumen. 

35 [0030] Preferably, said guidewire lumen is attached at 
its distal end to a flexible tip. The tip may be is formed 
from a relatively soft, flexible material to allow for ease 
of trackability during delivery. According to a preferred 
embodiment, the tip is tapered such that it has a smaller 

40 diameter at its distal end, increasing to a larger diameter 
comparable to that of the outer shaft at its proximal end. 
[0031] According to an optional feature of the inven- 
tion, the catheter further comprises at least one radio 
opaque marker for monitoring of the catheter position 

45 within the body lumen. 

[0032] Preferably, the stent is placed in the distal end 
of the device and makes contact with the inner diameter 
of the outer hypotube. This surface can be polished 
through a variety of means to reduce the friction between 

50 the stent and the outer shaft. Reducing the friction in this 
way will reduce the force needed to retract the outer shaft 
from the stent and subsequently make deployment of the 
stent easier. According to an optional feature the inner 
diametrical wall of the outer hypotube may be coated with 

55 low friction coating or have a low friction liner attached. 
Low friction liners are typically made from fluropolymer 
materials and can be bonded to the inside diameter of 
the outer hypotube using a variety of methods known in 
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the industry such a chemical bonding, heat bonding and 
the like. 

[0033] The stent can also be placed in a low friction 
outer sheath that is subsequently attached to the distal 
end of the device. 

[0034] Further, a low friction jacket can be applied to 
the outer diameter of the outer hypotube. This jacket can 
be extended over the distal end of the device to a length 
suitable to enable the stent to be located in the inner 
diameter of this jacket but distal to the outer hypotube. 
Outer jackets of this type are typically made from flu ropol- 
ymer materials and can be applied with a variety of meth- 
ods known in the industry. In some cases this low friction 
coating can be a composite material or be braid rein- 
forced. In one embodiment, the jacket can extend the full 
length of the device or alternatively over a shorter length 
at the distal end of the device. In the extreme case this 
outer jacket can be bonded to the distal end of the hypo- 
tube resulting in no overlap between the outer hypotube 
and the jacket material in which the stent is placed. 

Brief Description of the Drawings 

[0035] 

Figure 1 is an elevation of a stent delivery catheter 
according to a preferred embodiment of the inven- 
tion; 

Figure 2 is a detailed view of the distal end of the 
stent delivery catheter of Figure 1, partly in cross- 
section; 

Figure 3 is a detailed view of the distal end of the 
inner tube of the stent delivery catheter of Figure 1 ; 
Figure 4 is a part sectional elevation of part of the 
wall of the inner tube of the stent delivery catheter 
shown in Figure 4, to an enlarged scale; 
Figure 5 is an elevational view of the stent stop of 
the stent delivery catheter shown in Figure 3; 
Figure 6 is an elevational view of the distal soft tip 
of the stent delivery catheter of Figure 1 ; 
Figure 7 is a side elevational view of the wall of the 
outer tube of the stent delivery catheter of Figure 1 
showing spiral cuts in the wall; 
Figures 8 and 9 are cross-sectional views of alter- 
native embodiments of the outer shaft of the stent 
delivery catheter of Figure 1 ; 
Figure 10 is a perspective view of a portion of the 
spiral-cut hypotube of the stent delivery catheter of 
Figure 1 , showing the spiral cut patterns; 
Figure 11 is a perspective view similar to that of Fig- 
ure 1 0, showing details of the spiral cut and interme- 
diate struts; 

Figure 12 is a plan view of portion of the hypotube, 
as shown in Figure 1 1 , in a laid flat state to facilitate 
understanding of the configuration of the cuts and 
struts; 

Figure 1 3 is a perspective view of an alternative em- 
bodiment of the hypotube showing circumferential 



cuts in the tube; 

Figure 14 is a view of the hypotube of Figure 13 in 
a laid flat state showing the configuration of the cuts 
and intermediate struts; 
5 Figure 1 5 is an elevation of a braided tubular section 
for attachment to a distal end of the hypotube; 
Figure 1 6 is a cross-sectional view of the braided 
tube of Figure 14, and 

Figure 1 7 is a view, similar to that of Figure 7, show- 
w jng a further embodiment of the stent delivery cath- 
eter. 

Detailed Description of the Drawings 

15 [0036] Figures 1 and 2 of the drawings show a stent 
delivery catheter assembly 100 according to the present 
invention. The catheter assembly has a proximal end 
generally designated 30 and a distal end generally des- 
ignated 40. The assembly comprises an inner shaft or 
lumen 1 having proximal and distal ends concentrically 
located within an outer shaft or lumen 2. The outer shaft 
2 extends beyond the distal end of the inner shaft 1 , such 
that outer shaft extends in a distal direction beyond the 
distal end of said inner shaft. The distal end of said outer 
shaft is adapted to accommodate a stent for delivery with- 
in a body lumen of apatient. The catheter also comprises 
a guidewire lumen 9 having proximal and distal ends, 
which runs through the entire length of the catheter as- 
sembly within the inner shaft 1 and which extends beyond 
the distal end of the inner and outer shafts 1 and 2. The 
guidewire lumen 9 is attached to a guidewire hub 3 at 
the proximal end of the catheter. The proximal end 4 of 
the inner shaft 1 is stiffened relative to the distal end of 
the inner shaft. 

[0037] The catheter further comprises a bifurcation lu- 
er 5. 

[0038] The bifurcation luer 5 is a two ported luer, one 
port allowing access of a guidewire through the guidewire 
lumen, and the second port allowing flushing of the cath- 
eter system between the inner shaft and the outer shaft. 
A strain relief 6 provides stiffness transition between the 
bifurcation handle and the proximal outer shaft 2 to pre- 
vent kinking. 

[0039] As shown in Figures 2 and 6, the guidewire lu- 
men 9 is bonded at its distal end to a flexible tip 8. The 
tip 8 is formed from a relatively soft material and is flexible 
to allow foreaseoftrackingduringthe delivery procedure. 
The tip 8 is tapered such that it has a smaller diameter 
at its distal end, increasing to a larger diameter compa- 
rable to that of the outer shaft at its proximal end. The 
guidewire lumen 9 runs the entire length of the catheter 
assembly. During the delivery procedure, a guidewire is 
inserted within the guidewire lumen 9 and used to steer 
the tip of the catheter through the vasculature of the body 
to the site of stent deployment. The proximal portion of 
the guidewire lumen runs concentrically within the inner 
shaft 1 of the catheter assembly. The distal portion of the 
guidewire lumen 9 extends beyond the distal end of the 
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inner shaft 1 within the outer shaft 2. This is the position 
at which the stent will be deployed. 
[0040] Referring now to Figures 2, 3, 4 and 5, the inner 
shaft 1 comprises a metallic spiral cut hypotube 14. Pref- 
erably, the metal is stainless steel but other suitable met- 
als may be used. The hypotube 14 is spiral cut to allow 
for greater flexibility of the shaft in all directions. This 
gives the delivery system improved trackability, that is, 
it provides improved ability to navigate the tortuous pas- 
sages of the human anatomy. One embodiment of the 
spiral cut is illustrated in more detail in Figures 10 to 12. 
The spiral cut hypotube 14 of the inner shaft 1 is covered 
by a polymer jacket 1 5. The purpose of the polymerjacket 

1 5 is to provide a hermetic lumen during thef lushing proc- 
ess through the bifurcation handle, (i.e. flush out air from 
the catheter system). The jacket also reduces the fric- 
tion al properties of the shaft 1 therefore making relative 
movement of the inner shaft within the outer shaft of the 
catheter system easier. The jacket also contributes to 
reducing the stretching and compression of the shaft un- 
deran applied load. The jacket is typically afluropolymer, 
nylon or polyester type material. It can be applied using 
a variety of techniques known to the industry such as 
heat shrinking, over extrusions, heat bonding, chemical 
bonding or the like. 

[0041] The distal end of the spiral cut hypotube 14 is 
bonded to an inner shaft stop 1 6. The inner shaft stop 1 6 
has an external diameter substantially the same as the 
inner diameter of the outer shaft 2. The inner shaft stop 

1 6 acts as a mechanical proximal stopforthe stentduring 
the delivery procedure. The stent will be located within 
the outer shaft 2, distal to the inner shaft stop during 
delivery. The inner shaft stop 16 includes a two radio 
opaque markers 7 which are opaque to radio wave radi- 
ation. These markers may thus be used to determine the 
position of the proximal end of the stent during the deliv- 
ery procedure. A further radio opaque marker 1 07 is pro- 
vided at the distal end of the guidewire lumen 9, proximal 
to the tip 8. This marker indicates the position of the distal 
end of the stent during the delivery procedure. 
[0042] Two markers, one each side of the stent are 
located on the distal end of the inner shaft. The marker 
bands extentthe full circumference of the shaft. The prox- 
imal marker band is located in or distal to the stop 1 6, 
the distal marker band is located at the distal soft tip 1 8. 
The distance between the marker bands is representa- 
tive of the length of the stent. 

[0043] Figure 7 shows a detail of the distal portion of 
the outer shaft 2. The outer shaft comprises a metallic 
spiral cut hypotube 1 2. As with the inner spiral cut hypo- 
tube, the spiral cuts provide the catheter assembly with 
a high degree of flexibility and pushability. The outershaft 
2 has a further radio opaque marker band 1 0 at its distal 
end. Again, this may be used to determine the position 
of the catheter assembly during the delivery procedure. 
This marker band is also an indicator of the amount of 
stent remaining within the outer shaft 2 during the pro- 
cedure. The outer shaft 2 also comprises an outer shaft 



polymerjacket 1 1 , which runs the length of the outershaft 
2. As illustrated in Figures 8 and 9, the shaft may option- 
ally further comprise a polymer lining sleeve 13. In the 
embodiment shown in Figure 8, the lining sleeve 1 3 runs 
5 along a distal portion of the internal wall of the outer hy- 
potube 1 2, where the stent will be positioned prior to de- 
ployment. 

[0044] Although not shown in the drawings the spiral 
cut may comprise a continuous uninterrupted slot 25 
10 which follows a spiral path about the circumference of 
the hypotube, and continues for substantially its whole 
length. 

[0045] However, a preferred configuration of the spiral 
cuts 25 in hypotubes 12 and 14 is shown in Figures 10 
f5 to 1 2. Each spiral-cut hypotube has a discontinuous cut 
formed in its outer wall, the cut extending spirally of the 
tube. The purpose of the spiral cuts 25 in the hypotubes 
is to add flexibility to the inner and outer shafts 1 and 2 
The spiral cut is made completely through the wall thick- 
20 ness of the hypotube. 

[0046] The spiral cut profile can be produced with a 
clockwise or counterclockwise rotation. A combination of 
clockwise and counterclockwise spiral on the same hy- 
potube shaft is also a suitable configuration, one embod- 
25 iment of which is shown in Figure 1 7. Alternatively, each 
individual slot 25 can extend in a path which is at an angle 
to the adjacent slot 25. That is one slot extends in a clock- 
wise direction, and the adjacent slot extends in a coun- 
terclockwise direction to provide a zig-zag formation. 
30 [0047] Alternatively, the cut 25 comprises scoring 
which serves to reduce the wall thickness of the hypotube 
in the area of the cut, but does not extend completely 
through the wall. 

[0048] The flexibility imparted by the spiral cuts 25 to 
35 the distal end of the catheter in particular allows for im- 
proved tracking, that is, the catheter may be more easily 
manoeuvred through particularly tortuous paths of the 
vasculature. The flexibility of the hypotube is dependent 
on the pitch p of the spiral cut, which is the axial distance 
40 between adjacent turns of the spiral cut, as shown in 
Figure 10. A variable spiral cut profile may be applied 
along the length of the shaft to give more flexibility at the 
distal end and less at the proximal end where it is not of 
great importance. For example, the pitch p at the distal 
^5 end is preferably of the order of between 0.1 and 1 0 mm, 
whereas the pitch at the proximal end is preferably be- 
tween 5 and 1000 mm. It is also possible to provide no 
spiral cuts at all at the proximal end of the hypotubes. 
The kerf width K, or width of each cut, is generally of the 
50 order of 0.01 — 1 .Omm, preferably about 0.025mm. The 
angle of the spiral is typically between 30 and 90 degrees 
to the circumferential axis of the hypotube. 
[0049] In the embodiment shown, the spiral cuts are 
provided with struts 20. The struts are areas where the 
55 spiral cut is discontinuous, that is, there is a section of 
the tube that remains intact. 

[0050] One purpose of the struts 20 is to improve the 
pushability of the hypotubes through the body lumens of 
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the patient. Pushability is a measure of the transfer of 
the force from the proximal end to the distal end of the 
assembly, that is, the ratio of force applied at the proximal 
end by the physician as compared to the force measured 
at the distal end. Good pushability meatis that force is 
efficiently and effectively transferred through the assem- 
bly. A further purpose of the struts is to prevent stretching 
and compression of the spiral cut hypotubes while under 
stress. The strut-spiral combination is capable of mini- 
mising stretching and compression under stress. This 
allows the catheter assembly to more accurately hold its 
position during stent deployment and thus allows more 
accurate placement of the stent during the delivery pro- 
cedure. The strut length Lg will depend on the pushability 
requirements for a given catheter, but will generally be 
of the order of 0.1 mm to 1.0 mm. In the embodiment 
shown, two struts are provided on each spiral revolution, 
that is, substantially diametrically opposed about the cir- 
cumference of the hypotube. Struts may be located be- 
tween 90° and 270°from each other. Preferably the struts 
are staggered around the circumference of the hypotube 
to give adequate flexibility in all directions. 
[0051] A further embodiment of a cut hypotube is 
shown in Figures 13 and 14. Figure 13 shows the tube 
in elevation whereas Figure 1 4 shows the wall section of 
the tube laid flat. In this embodiment the slots 25 extend 
about a substantially circumferential path. However, as 
with the previous embodiment of spiral cuts, the path is 
interrupted by solid struts 20. It will be noted that there 
is at least one slot 25 in each circumferential plane ex- 
tending partly around the circumference of the hypotube 
1 2 to define at least one strut in that plane. The struts 25 
are staggered substantially in the same way as the spiral 
struts. That is, each slot 25 in one plane is located op- 
posite a strut 20 in an adjacent plane. 
[0052] The staggering of the slots 25 ensures flexibility 
in all planes. The pitch Pof the slots 25 is as described 
previously in relation to the spirally oriented slots The 
width W is larger in this embodiment and may vary be- 
tween 0.1mm and 2mm The length L of the cut slot can 
vary depending on required shaft performance charac- 
teristics, the slot length generally varies between 20% 
and 80% of the tube circumference. 
[0053] Figures 1 5 and 1 6 shows a braided hypotube 
section 17 which is attached, by chemical bonding (e.g. 
an adhesive) or heat bonding 27 to the distal end of the 
outer hypotube 1 2. The bond may be achieved by over- 
lapping the proximal end of the braided hypotube section 
over the distal end of the outer hypotube 12. The braided 
hypotube shaft 1 7 comprises a stainless steel wire mesh 
braid sandwiched between two layers of polymer mate- 
rial. The stainless steel braid imparts rigidity and column 
strength to the shaft 1 7. Suitably, the inner polymer layer 
is comprised of a material of lowf rictional properties, such 
as a fluropolymer or a blend of fluropolymers. The outer 
polymer layersuitably is a polymer having good flex prop- 
erties, such as nylon or Pebax. The distal end of the braid- 
ed hypotube 1 7 is provided with a radio opaque marker 



band 28. 

[0054] Figure 16 shows a section through Figure 15 

and shows the position of the stent 29. 

The stent 29 is located, as is mentioned in previous em- 

5 bodiments, distal to the proximal stent placement marker 
band 7 and proximal to the distal stent marker band 1 07. 
The stent is constrained within the braided shaft 1 7. The 
braided shaft is bonded to the outer shaft 12 as men- 
tioned above. The stop 16 is located within the inner di- 

10 ameter of the braided shaft 1 7 and serves as mechanical 
stop during deployment of the stent 29 during procedure, 
that is when outer shaft and hence the braided shaft 17 
is retracted in proximal direction from the lumen effecting 
stent deployment. 

15 [0055] The slots 25 may be cut in the wall of the hypo- 
tubes by a variety of techniques. A preferred method is 
by laser cutting but other techniques could be used such 
as chemical etching, diamond etching , mechanical or 
chemical cutting. 

20 [0056] Before use, a self-expanding stent 29 is com- 
pressed and inserted into the distal end of the outer shaft 
2 (see Fig. 16). The inner diameter of the outer shaft is 
such that the stent is held in a compressed position to 
give it a reduced diameter for delivery purposes. The 

25 delivery catheter assembly and stent are advanced 
through the inner lumens of the body to the site of desired 
stent deployment, for example, a site of stenosis of a 
blood vessel. The guidewire and the flexible tip are used 
to steer the assembly though the anatomy of the body to 

30 the body lumen where the stent is to be deployed. The 
spiral-cut hypotubes are sufficiently flexible to allow the 
assembly to be manoeuvred or tracked through the tor- 
tuous pathways of the anatomy of the body. The struts 
provide the assembly with good pushability such that the 

35 force applied by a physician at the proximal end of the 
assembly is effectively transferred to the tip of the cath- 
eter. The radio opaque markers 7, 107 and 10 may be 
used to monitor the position of the catheter and the stent 
accommodated therein and to determine when the stent 

^0 is in the correct position. The proximal end of the stent 
abuts the inner shaft stop 16. When the stent has been 
correctly located, the outer shaft is withdrawn from the 
body. The inner shaft 1 remains in place within the body 
lumen and the stop 1 6 prevents the stent from being with- 

45 drawn with the outer shaft. As the outer shaft is with- 
drawn, the compressive force on the stent Is removed 
and the stent expands to its original unstressed position. 
This expansion exerts an outward radial force on the con- 
stricted body lumen, counteracting the constriction and 

so widening the lumen. Patency is thus restored to the body 
lumen. 

[0057] The words "comprises/comprising" and the 
words "having/including" when used herein with refer- 
ence to the present invention are used to specify the pres- 
55 ence of stated features, integers, steps or components 
but does not preclude the presence or addition of one or 
more other features, integers, steps, components or 
groups thereof. 
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[0058] It is appreciated that certain features of the in- 
vention, which are, for clarity, described in the context of 
separate embodiments, may also be provided in combi- 
nation in a single embodiment. Conversely, various fea- 
tures of the invention, which are, for brevity, described 
in the context of a single embodiment, may also be pro- 
vided separately or in any suitable sub-combination. 

Claims 

1 . An elongate tubular shaft for use in catheter assem- 
blies, the shaft having a lumen therethrough and the 
wall of the shaft has a cut therein to improve the 
flexibility of the shaft characterised In that the shaft 
is a metallic hypotube (14) having a plurality of cuts 
in the side wall thereof to define slots (25), and the 
slots (25) are elongate slots extending about the wall 
of the hypotube in a substantially spiral or circumfer- 
ential path which is interrupted at intervals by solid 
struts (20). 

2. A catheter shaft comprising an elongate tubularshaft 
which extends from a proximal end to a distal end 
characterised in that the shaft is a metallic hypo- 
tube (12, 14) and has at least one discontinuous cut 
(25) formed through the wall of the tube (12, 14) and 
extending in a substantially spiral or circumferential 
path about the outer wall of the tube (12, 14), the 
discontinuous profile of the cut (25) being such as 
to minimise or prevent axial stretching or compres- 
sion of the shaft under applied load. 

3. A catheter shaft as claimed in claim 1 or claim 2 
characterised in that it comprises an outer polymer 
jacket (1 5) allowing the shaft (1 2, 1 4) maintain a her- 
metic lumen and further minimising the axial stretch- 
ing or compression of the shaft under an applied 
load. 

4. A catheter shaft as claimed in any of the preceding 
claims characterised in that the profile of the cuts 
is such that the flexibility of each shaft is improved 
without permitting significant axial stretching or com- 
pression of either shaft. 

5. A delivery catheter assembly (1 00) for a serf-expand- 
ing stent or other device deployed in a similar fash- 
ion, comprising an inner shaft (1), having proximal 
and distal ends, and an outer shaft (2), having prox- 
imal and distal ends, and the inner shaft is located 
coaxially within said outer shaft, and said outer shaft 
extends beyond the distal end of said inner shaft, 
said distal end of said outer shaft being adapted to 
accommodate the stent for delivery within a body 
lumen of a patient, characterised in that the inner 
shaft (1) is an elongate metallic hypotube (14) and 
the outer shaft (2) is an elongate metallic hypotube 



(12), and each of the hypotubes (12, 14) has a plu- 
rality of slots (25) cut in the side wall thereof to in- 
crease the flexibility of the hypotube, and the slots 
are elongate slots (25) extending about the hypotube 
5 in a spiral or circumferential path which is interrupted 
at intervals by solid struts (20). 

6. A catheter shaft as claimed in any of claims 1 to 4 
or an assembly as claimed in claim 5, characterised 

10 in that the cut or cuts extend completely through the 
wall thickness of each hypotube. 

7. A shaft as claimed in any of claims 1 to 4, or assembly 
as claimed in claim5, 

15 characterised In that the cuts comprises a score 
or scores formed in the outer surface of the wall of 
the hypotubes. 

8. A catheter shaft or assembly, as claimed in any one 
20 of the preceding claims, 

characterised In that the or each hypotube (12, 14) 
is provided with a spiral cut profile that extends in a 
spiral path around the hypotube (12, 14). 

25 9. A catheter shaft or assembly as claimed in claim 7, 
characterised in that the or each hypotube is pro- 
vided with a spiral cut having a smaller pitch at its 
distal end and a larger pitch at its proximal end. 

30 10. A catheter shaft or assembly as claimed in any pre- 
ceding claim, characterised in that the spiral cut in 
the or each hypotube (12, 14) is discontinuous, such 
that struts (20) are provided where a portion of the 
circumference of the tube remains uncut. 

35 

1 1 . An catheter shaft or assembly as claimed in claiml 0, 
characterised in that the struts (20) are staggered 
around the circumference of the hypotube (12,14). 

*o 12. A catheter shaft or assembly as claimed in any one 
of claimsl to 5, 

characterised in that the cuts are in the form of 
slots (25) cut through the outer wall of the or each 
hypotube (12,14) and each slot (25) extends sub- 
45 stantially circumferentially around part of the circum- 
ference of the hypotube; there being at least one slot 
(25) in each circumferential plane extending partly 
around the circumference of the hypotube (1 2, 1 4) to 
define at least one strut (20) In that plane. 

so 

13. A shaft or assembly as claimed in claiml 2, charac- 
terised In that a plurality of slots (25) are formed in 
the wall of the hypotube in substantially parallel ar- 
rangement axialty of the hypotube. 

55 

14. A shaft or assembly as claimed in claim 121 or claim 
13 

characterised in that at least one strut (20) is po- 
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sitioned on each circumferential revolution of the 
cuts, and the struts (20) in one revolution are in stag- 
gered relationship to the struts (20) in adjacent rev- 
olutions (or circumferential planes). 

5 

15. A catheter assembly comprising an outer elongate 
tubular shaft (2) and an inner tubular shaft (1) as 
claimed in any of the preceding claims character- 
ised in that the inner wall of the outer shaft (2) .is 
coated with a low friction coating or has attached w 
thereto a low friction liner (13). 

16. A delivery catheter assembly as claimed in claim 5, 
characterised In that the 

stent is constrained within a braided shaft (1 7) which is 
is attached to the distal end of the outer shaft (12). 

17. A catheter assembly comprising an elongate outer 
tubular shaft which extends from a proximal end to 

a distal end of the catheter and an inner tubular shaft 20 
concentrically located within the outer shaft and also 
extending from a proximal end to a distal end of the 
catheter, characterised In that each of the shafts 
is a stainless steel or other metallic hypotube (12, 
1 4) and each having at least one cut (25) formed in 25 
an outer wall of the tube and extending in a substan- 
tially spiral or circumferential path about the outer 
wall of the tube (12,14). 
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